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Summary
Introduction.—There is no consensually accepted recommendation for optimum surgical treat-
ment of unstable fractures of the proximal humerus.
Hypothesis.— Locked and minimally-invasive plating is a promising treatment option.
Materials and methods.—The aim of this prospective, multicentric study is to describe a
recently introduced surgical technique for proximal humeral fractures and to evaluate the
radiographic and clinical outcomes of this operation. Closed and minimally-invasive reduction
is ﬁrst performed. A proximal humerus speciﬁc locking plate featuring multiple-angle screws is
secondly implanted. Proper identiﬁcation and protection of the axillary nerve with the index
ﬁnger during plate insertion on the lateral humeral side is highly advisable. If it can’t be pal-
pated, a classic delto-pectoral approach should be preferred. Thirty-four patients were included
in this study with a 1-year minimal postoperative follow-up. Twenty-two patients presented a
two-part surgical neck fracture according to the Neer classiﬁcation and 12 patients had a three-
part valgus-impacted fracture. DASH (Disabilities of the Arm, Shoulder and Hand) and Constant
scoring systems were used for functional evaluation.
Results.— Speciﬁcally, no axillary nerve injury and no loss of reduction were observed. The
median Constant score and the mean DASH score were 82 and 26 respectively at 1-year follow-ET
RA
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EDup. The age-adjusted functional scores values were satisfactory. Two of the patients (6%)
required surgical revision for intra-articular screw penetration.
Discussion.—Our study suggests that percutaneous plating with angular screw ﬁxation of
proximal humeral fractures is a safe and effective method, which produces good functional
and radiologic outcomes. These minimally-invasive techniques allowing a better preservation
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of soft-tissues help promote early functional recovery. This more friendly approach combined
to upgraded implants and instruments will also improve early and long-term outcomes of these
therapeutic study.
. All rights reserved.
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variance (ANOVA) using a regression model was performed
to determine clinical factors and functional performances
correlation. The chosen level of signiﬁcativity was p < 0.05.
Table 1 Demographic data.
Results
Number 34
Gender
Female 22
Male 12
Fracture pattern
Neer 2 22
Neer 3 12
Afractures.
Level of evidence: Level IV,
© 2008 Elsevier Masson SAS
Introduction
Fractures of the proximal humerus account for approxi-
mately 4 to 5% of all fractures Kannus et al. [1]. An increasing
incidence of these fractures has been observed in our soci-
ety due to the ever-growing number of elderly people within
the population [1—3]. Management of proximal humeral
fractures with plate osteosynthesis in elderly patients with
osteoporosis of the humeral head remains quite a chal-
lenging problem, principally as regards the stability of
the ﬁxation [1,4]. In order to avoid the complications
associated with more conventional plate ﬁxations, alter-
native treatment options were suggested, including wire
or screw osteosynthesis [5—7]. The recent introduction of
locking-plate ﬁxations with multiple-angle screws has led
to renewed interest in this type of ﬁxation devices. Various
studies have been conducted to evaluate the biomechani-
cal properties [5,8—10] and clinical results [11,12] of this
speciﬁc ﬁxation construct. The delto-pectoral approach has
been most commonly used for reduction and ﬁxation of the
proximal humerus. However, this technique often requires
an extensive soft-tissue disruption, which might impair the
neurovascular structures, especially the ascending branch
of the anterior circumﬂex humeral artery [13]. Therefore, a
higher risk of avascular necrosis of the humeral head might
be observed [11,12]. Furthermore, locking plate ﬁxation on
the lateral proximal humerus reveals challenging even if
performed through a delto-pectoral approach.
There is no consensus reported in the literature on
the treatment of unstable proximal humeral fractures
[6,10,14—25]. The ideal surgical approach should provide
anatomical reduction, easy plate ﬁxation and preservation
of adjacent neurovascular structures of the humeral head.
The aim of that prospective, multicentric study was to
describe a new surgical technique for proximal humeral
fractures and to evaluate the radiographic and clinical
outcomes. Closed and minimally-invasive reduction was per-
formed. A proximal humerus speciﬁc locking plate was
implemented with multiple-angle screw ﬁxation.
Methods
Between February 2002 and December 2003, 34 consecutive
patients (22 females, 12males, mean age 64 years [range
38 to 88 years]; Table 1) were included in this study. Most
injuries were due to accidental falls. Two patients had an
associated fracture (olecranon and acetabulum). Surgeries
were performed by ﬁve trauma surgeons in university
RE
TRtrauma centres. Inclusion criteria were displaced two-part
surgical neck fractures (more than 1 cm of displacement or
45◦ of angulation) or three-part valgus impacted fractures
(more than 160◦ of angulation), consenting adult patients
scheduled to undergo surgery with general anaesthesiand informed about the study protocol. All patients with
re-existing shoulder pain were excluded from the study.
he study protocol was approved by each University
nstitutional Ethics Committee.
Sensory and motor function of the axillary nerve was doc-
mented and radiographs were performed (face and proﬁle
xillary view) on admission to the emergency department.
unction of the axillary nerve was considered normal when
ensitivity was identical in the sensory region of the axillary
erve and on evaluation of the deltoid contractility.
All patients were re-examined on the ﬁrst day after
urgery, at 6weeks, 3months, 1 and 2 years. Clinical
ssessment was performed by an independent examiner.
xamination included measurement of incision length, eval-
ation of sensory and motor function of the axillary
erve, assessment of gleno-humeral ROM and supervision of
valuation questionnaires. Constant-Murley [26] and DASH
houlder-speciﬁc scoring systems [27] were used for func-
ional assessment. Constant strength was measured by use
f a Jamar dynamometer (Sammons & PrestonTM). The Dis-
bilities of the Arm, Shoulder and Hand (DASH) questionnaire
ncluded 30 validatedmeasurement items to assess disability
nd clinical symptoms. Radiographic evaluation was per-
ormed by a single independent observer according to the
eer classiﬁcation system [28]. Fracture union was consid-
red anatomical when residual displacement was below 20◦.
Data were analyzed by use of SPSS v.13 software. The
tudent t-test and Chi-square test were conducted for uni-
ariate and multivariate analysis respectively. An analysis of
CT
EDAge (years)
Mean 64 (38—88)
<60 years old 14
>60 years old 20
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Figure 1 Screw hole pattern of the ﬁxation plate. The six
proximal holes (A, B, C) are easily protected with ﬁnger and rel-
atively safe for the axillary nerve during screw insertion. The
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perative technique
urgery was performed under general anaesthesia and
ntibioprophylaxy (ﬁrst generation cephalosporin) was
dministered preoperatively and during the ﬁrst 24 h after
he operation. The patient was placed in a supine position
n a ﬂat radiolucent table, with the injured arm freely mov-
ble and sterile. The C-arm ﬂuoroscope was positioned on
he contralateral side of the injury. The tip of the acromion
as palpated and used as a landmark. A ﬁrst longitudinal
ncision was made from the antero-lateral acromial border,
tretching approximately 3—4 cm. Following skin, subcuta-
eous and fascia dissection, the deltoid muscle bundles
ere separated using blunt dissection for exposure of the
uberosities and the humeral head. This proximal transdel-
oid approach enabled the deltoid muscle to be freed from
he proximal humerus by progressive digitoclasy. The axillary
erve was palpated by hand and identiﬁed [29]. Palpation
ould be easily performed on the undersurface of the del-
oid as the axillary nerve runs to the anterior part of the
houlder. Proper identiﬁcation and protection of the axillary
erve during the course of the surgery was highly advisable
o ensure a safer surgical procedure and avoid any potential
njury. The axillary nerve was easily identiﬁed in all cases. It
ay posteriorly to the incision just outside the quadrangular
pace.
External manipulations were performed for proper reduc-
ion through the proximal approach under ﬂuoroscopic
uidance. In three-part valgus impacted fractures, the
umeral head was raised, reduced with a blunt elevator
nd temporarily stabilized by means of Kirschner wires. The
reater tuberosity fragment was then reduced below the
rticular surface. Non-resorbable sutures were used to ﬁx
he greater tuberosity (by means of transosseous sutures
nserted in the lateral side of the metaphyse) and repair
he rotator cuff. The plate had to be carefully positioned
own the humeral shaft to ensure the axillary nerve was not
ntrapped beneath the plate. The axillary nerve was pro-
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Figure 2 AP radiographs of a Neer valgus impacted three-p
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ame observation is noted for distal holes when inserting dis-
al screws. The holes located in the centre of the plate (E, F)
including oval holes) do not provide safe screw insertion.
ected with the indexﬁnger during plate insertion (Fig. 1). A
ong proximal humeral locking plate (LCP 3.5mm Synthes©)
as inserted through the proximal incision. Two locking
crew guides were introduced in the plate most proximal
crew holes (screw holes A; Fig. 1) to facilitate prehension
uring insertion. The plate was systematically positioned on
he lateral side of the humerus, at least 5mm below the
reater tuberosity. Two 3.5-mm locking screws were initially
CT
Enserted through the appropriate proximal holes of the ﬁrst
ow (screw holes A; Fig. 1). A 2-mm incision was made under
uoroscopic guidance and centered over the distal screw
oles. This incision was situated far underneath the course
art fracture (A), postoperative (B), 3-year follow-up (C).
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of the axillary nerve. Three 3.5-mm bicortical screws were
inserted through the humeral diaphysis to secure the plate.
Two additional 3.5-mm locking screws were placed through
the remaining proximal holes to further stabilize the plate
(screw holes B). The humeral head was thus ﬁxed with four
locking screws (Figs. 1 and 2) which correct placement and
length had to be meticulously controlled (Fig. 2). However,
accurate measurement of the screw length was made difﬁ-
cult due to the poor quality of the proximal humeral bone.
Accurate placement of any locking screws ≥ 40mm was con-
ﬁrmed radiographically on several views.
No postoperative immobilization was required. A stan-
dard rehabilitation protocol was implemented (pendulum
exercises and active-assisted range-of-motion techniques)
for 6weeks or until complete fracture union. Subsequently,
passive stretching and strengthening exercises were pro-
gressively included in the shoulder rehabilitation protocol.
Results
Minimum follow-up period was 12months and mean follow-
up period was 19months [12—34]. Seven of the patients
could not be followed-up at 12months (no complication was
reported in this group): one patient died (no correlation with
trauma), three patients were lost to follow-up and three
could only be reached by telephone. Therefore, 27 patients
had a complete radiographic and clinical evaluation.
The axillary nerve could be easily palpated on the under-
surface of the deltoid (1 to 3 cm relative to the incision) in
all 34 patients. The nerve was always protected during plate
insertion. The proximal incision was approximately 4 cm long
(3—5, 5 cm) and the distal incision was approximately 2 cm
long (1.5—2.5 cm). No extension of the surgical approach
was necessary. The mean surgery duration was 53minutes
(28—135minutes). Blood loss during surgery was approxi-
mately 113 cc (50—250 cc). No case of axillary nerve palsy
was noted. Two patients had to be reoperated on after frac-
ture healing: one for removal of a protruding intra-articular
screw and the second one for removal of the locking plate
due to its impingement with the acromion during maximum
abduction. No avascular necrosis was observed at the last
R
follow-up (Fig. 3).
At follow-up, the average Constant score was 80 and
mean DASH score was 26 in the sub-group ‘‘more than 1-
year follow-up’’ (n = 27 patients). Mean abduction was 100◦
(50—120◦) and mean antepulsion was 113◦ (50—135◦). In our
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Table 2 Functional results of Constant and DASH scores.
Test Maximal score Mean Ma
Constant 100 80 10
Items constant
Pain 15 12.8 1
ADL 20 15.1 2
ROM 40 30.1 4
Strength 25 21.8 2
DASH 0 26.2 7
SD: standard deviation; RS: relative score; N/A: non-available; ADL: ac
RE
Tigure 3 AP radiograph during revision of a three-part frac-
ure.
tudy, the Constant score mean value for women was 77
ith a mean age of 65 years and 92 for men with a mean
ge of 61 years. Regarding the Constant score subcategories
Table 2), results were signiﬁcantly better for ‘‘pain’’ (85%)
nd ‘‘strength’’ (87%) items (p < 0.05) (activities (76%) and
ange of motion (75%), p > 0.05).
Final healing position was satisfactory in all cases. Eigh-
een patients achieved anatomical union (Figs. 2C and 3)
hereas nine had residual angulation (two valgus [10 and
5◦] and seven mid-varus of 12◦ [5—20◦]). In the 27 patients
ith an average follow-up of 19months, all fractures united
n an acceptable position with no signs of avascular necrosis,
xillary nerve injury or implant loosening. In these patients,
onstant improvement of clinical function was observed up
o 1-year follow-up. From that date, all sub-groups reported
imilar functional results (Table 2).
A statistically signiﬁcant age-related difference was
oted in each gender group (p < 0.05). Women showed a
CT
Eimodal distribution with a peak in both ‘‘under 60’’ and
‘over 60’’ subpopulations. Men had a unimodal distribu-
ion of scores demonstrating a single peak under 60 years
f age (Fig. 4). Only follow-up time could be correlated
ith functional results. The average Constant-Murley score
ximum Minimum SD RS (%)
0 45 16 N/A
5 7 2.5 85
0 7 3.8 76
0 14 7.9 75
5 10 4.9 87
3 0 26.5 N/A
tivities of daily living.
60
Figure 4 Distribution of fractures according to age and gen-
der.
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Aigure 5 Mean progression of Constant and DASH scores.
ncreased meaningfully from 50 to 77 (p = 0.001) between 6-
eek and 1-year follow-ups. The DASH score changed from
1 to 26 (p = 0.001) between 6-week postoperatively and
ast follow-up (Fig. 5). Functional recovery spread out over
year.
iscussion
urgical treatment is one of the most commonly accepted
orms of management for displaced and unstable proxi-
al humeral fractures and a variety of ﬁxation devices are
vailable [6,10,14—25]. The use of conventional plate ﬁxa-
ions through a delto-pectoral approach involves a higher
isk of avascular necrosis of the humeral head [25,30],
s this technique often requires an extensive soft-tissue
isruption, which might compromise the vascular supply
f the humeral head [13,23,25,30,31]. The delto-pectoral
pproach remains the most widely used in the treatment
f proximal humeral fractures [13,23,25,30,31]. Proper
valuation of bone quality prior to surgery is a critical fac-
or on which depends the overall prognosis for proximal
RE
TRumeral fractures [13,1]. The outcomes of internal ﬁxation
n elderly patients with poor bone quality are disappoint-
ng [25,30]. In order to prevent implant loosening, original
roximal humeral locking plate systems featuring multiple-
ngle screws were recently developed [5,8,9]. These new
p
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t
pD.-M. Rouleau et al.
xation designs provide better stability than conventional
lates [10].
Our surgical technique aimed at decreasing the incidence
f avascular necrosis of the humeral head [13,23,24,33,34].
ll 27 patients with a 19-month follow-up reported success-
ul outcomes (bony union with no avascular necrosis and no
xillary nerve injury). Yian et al. [35] have published a study
n which they evaluated the age and gender-related shoulder
unction using the Constant score values in healthy volun-
eers. Women, between 61 and 70 years old achieve a 77
o 87Constant score whereas men from the same age-group
eports score values ranging from 84 to 96. Therefore, satis-
actory functional recovery of the gleno-humeral joint might
e expected within 1 year after surgery. However, taking into
ccount the great variation and disparity of the Constant and
he DASH functional results (Table 2), this study does not
rovide sufﬁcient data to determine which are the factors
hat mainly affect the outcome of that surgery.
Potential injury to the axillary nerve remains a major
oncern during shoulder or proximal humeral surgeries
16,36,37]. Even percutaneous wire osteosynthesis may
nduce neurovascular injuries [38,39]. According to an
natomical study [29], percutaneous insertion of a LCP prox-
mal humerus plate (SynthesTM) proves a safe technique
or axillary nerve preservation. D, E and F screw holes
Fig. 1) were considered as an unsafe portion of the plate.
ppropriate external manipulations are advisable to provide
natomical reduction through a percutaneous approach.
cLaughlin et al. [40] have demonstrated that anatomic
eduction is not crucial in achieving a good shoulder function
4,7,40]. According to Park et al. [21], the greater tuberos-
ty should be reduced up to or underneath the humeral head
rticular surface. A residual 20◦ of varus or valgus after
eduction of the humeral neck is considered acceptable [21].
ur study has demonstrated that reduction could be eas-
ly performed through a minimally-invasive approach and
ercutaneous ﬁxation was achieved in all cases. We could
ot establish any correlation between shoulder function
nd quality of reduction (p > 0.05). Larger patient popula-
ions should be studied to evaluate the adverse effects of
mproper reductions.
Robinson et al. [41] have recently described a direct
ateral approach with release of the deltoid through an
xtended incision in the treatment of severely impacted val-
us proximal humeral fractures. No axillary nerve injury or
vascular necrosis was observed among the 25 patients of
he series. Gardner et al. [33] have recently described a
ini-invasive anterolateral approach in the management of
roximal humeral fractures with plate ﬁxation. According
o their study, location of the axillary nerve is predictable
hen it passes the anterior deltoid raphe (5 cm distal to the
cromion). This approach was performed in 16 patients with
o sign of neurovascular structures injury. Another recent
tudy Lill et al. [9], has reported the good short-term results
f a locking plate ﬁxation through a minimally-invasive
nterolateral approach. Such encouraging results are prob-
bly due to the excellent biomechanical quality of the
CT
EDlates used for osteosynthesis of proximal humeral fractures
42]. These ﬁxation designs have revealed better outcomes
han Kirschner wires combined with transosseus sutures of
he tuberosities or even staples with a centro-medullary
in. Actually, the plate provided a higher resistance to the
pla
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AProximal humerus fractures treated by percutaneous locking
lateral displacement of the humeral head and a better sup-
port for the tuberosities than the two other constructs.
Centromedullary nailing demonstrated higher deformability
than the two other devices. Gabrion et al. [43] reported a
signiﬁcant rate of implant loosening (23%) after osteosynthe-
sis with a Telegraph® humeral nailing system and underlined
the challenging management of proximal humeral fractures
in elderly patients with major osteoporosis.
Conclusion
Percutaneous locking plate osteosynthesis with multiple-
angle screws for proximal humeral fractures is a safe
and effective method, which produces promising functional
and radiologic outcomes. The suggested surgical approach
reduces the risk of soft-tissue damages and provides early
functional recovery. Proper identiﬁcation and protection of
the axillary nerve with the indexﬁnger is highly advisable
during plate insertion on the lateral humeral side. If it can’t
be palpated, a conventional delto-pectoral approach should
be performed.
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